INTRODUCTION

Under meaningful use requirements of the US Health Information Technology for
Economic and Clinical Health (HITECH) Act of 2009, patient portals are emerging as a key technology for engaging patients. In 2013, 40% of US physicians in ambulatory care settings had some type of patient portal. 1 Patient portals tethered to electronic health records (EHRs) generally enable patients to communicate electronically and securely with healthcare clinicians, access their medical records, schedule appointments, pay bills, and refill prescriptions. 2 Other functions typically include a problem list, list of medications, allergy list, test results, and links to personalised health information. 3 A recent systematic review concluded that insufficient evidence existed that patient portals improve health outcomes, cost, or utilisation. 4 However, it did not assess the impact of individual portal functions. Secure email communication between patients and clinicians via an online portal is a new care modality in which patients communicate clinical concerns and receive a reply. 5 It is highly desirable to patients and holds the potential to improve healthcare quality and efficiency. [6] [7] [8] [9] [10] Strengths and limitations of this study ▪ This study improved on previous methods by excluding data for 6 months after first secure email use, comprehensively adjusting for baseline utilisation, deriving propensity scores from a robust set of independent variables, and examining clinical services utilisation 7-18 months after the index date. ▪ The population consisted of individuals who were late adopters of secure email use with clinicians and likely differed in systematic ways from those who opted for earlier use, which may limit the generalisability of the results. ▪ This study focused on the use of secure e-mail between clinicians and patients, rather than the use of all patient portal functions.
To date, evidence about the association of secure patient-clinician email with utilisation of other clinical services is inconsistent. Patients and clinicians report time savings from avoided in-person visits and more efficient management of patient care and, conversely, some increased time demands on clinicians from using secure email with patients. [11] [12] [13] [14] A 2012 Cochrane review concluded that the effect of patient-clinician email on utilisation could not be assessed due to differing methodologies and measures, variable results, and missing data. 5 Similarly, a 2014 systematic interpretive review concluded that heterogeneous reporting precluded assessing overall workload changes. 15 Investigations of the association of secure patient-clinician email with utilisation of specific clinical services have most frequently examined telephone calls and office visits. In three reports, patients using secure email telephoned their clinicians at rates similar to those of patients in control or comparison groups; in a fourth study, increases over time in phone calls were smaller for patients using secure email than for non-users. [16] [17] [18] [19] Evidence regarding office visit utilisation is also mixed.
In separate trials among patients with diabetes, a 10% increase in secure message threads was associated with a 1.25% increase in office visits, and the primary care visit rate was 32% higher among patients with at least 12 message threads per year. 20 21 Secure email was also associated with decreased or unchanged rates of primary care office visits in three reports. 19 22-24 Studies assessing other types of utilisation are rare. In a small trial among patients with congestive heart failure, secure patientclinician email was associated with increased emergency department (ED) visits but unchanged hospitalisation rates. 25 The aim of this study was to assess the association of secure patient-clinician email with utilisation of various clinical services over time. We hypothesised that: (1) patients who initiated secure e-mail with clinicians would use the same level of clinical services over the longer term that they did before using secure email; and (2) patients who initiated secure e-mail with clinicians would use the same level of clinical services as matched patients who did not use secure e-mail with clinicians.
METHODS
The study was conducted at Kaiser Permanente Colorado (KPCO), one of seven regions of Kaiser Permanente, among the largest not-for-profit integrated healthcare delivery systems in the USA, serving 10 million members. At KPCO, 1000 physicians and 6000 staff members provide care for 615 000 members at 28 medical offices. Inpatient care is provided through contracts with non-Kaiser Permanente hospitals. KPCO members represent a diverse racial/ethnic mix similar to that of the general population in the Denver metropolitan area, where Kaiser Permanente facilities are predominantly located. Members select KPCO as their healthcare provider in a number of ways. 19 26 Although we did not assess the types of clinicians that patients emailed, secure messages are primarily delivered to the inboxes of physicians, physician assistants, and nurse practitioners providing primary and specialty care. Clinicians may choose to respond directly to all patient email messages or to have a medical assistant or registered nurse on the care team review all incoming secure email from patients, respond to any requests or concerns within their scopes of practice, and forward the remainder of patient secure email messages to the clinician's attention.
Study design
We conducted a retrospective cohort study of secure patient-clinician email use and clinical services utilisation between July 2010 and December 2013. For study inclusion, members were required to be at least 18 years of age and continuously enrolled for at least 30 months with either first use of secure patient-clinician email between July 2011 and July 2012 or no use between July 2010 and July 2012. We did not assess the portal registration status of members with no secure email use. After excluding members in the top 1% of baseline utilisation, we separated the population into secure email users and non-users. To eliminate bias arising from seasonal variations in utilisation, we assigned each non-user a randomly selected index date between July 2011 and July 2012.
A spike in utilisation of clinical services occurs around the time of the first use of secure patient-clinician messaging or patient portal registration, which may be prompted by a new illness or medical concern. 19 23 26 Previous studies excluded 1-2 months before and 1 month after the index date, and a recent study at Kaiser Permanente adjusted for baseline office visit utilisation in the year before the index date. 19 23 26 We adjusted for the utilisation spike in two ways that substantially strengthened the study design. First, to eliminate its effect and focus on longer term effects, we excluded a period of 6 months after the index date. Thus, we assessed clinical utilisation from 1 to 12 months before the index date (the pre period) and from 7 to 18 months after the index date (the post period). Second, because variable baseline utilisation may reflect unmeasured differences between patients who do and do not use secure email with clinicians, we matched users and non-users on all baseline utilisation up to and including the index date. We collected data from the EHR and administrative databases on age, gender, benefit type, number of chronic illnesses, distance from the nearest medical office building, utilisation of office, after-hours clinic, and ED visits, patient-initiated and scheduled telephone calls, and inpatient admissions. We used DxCG risk scores (Verisk Health, Inc; Waltham, Massachusetts, USA) to characterise illness severity. A commercial product, DxCG relative risk scores predict healthcare costs relative to the population mean, based on age, gender, diagnoses, and drug codes. 27 
Statistical analyses
We assessed differences between secure email users and non-users with Student t tests for DxCG risk scores and χ 2 tests for categorical variables. To adjust for differences between users and non-users, we calculated propensity scores using a logistic regression model and a robust selection of independent variables to estimate the probability of secure email use. Independent variables included index month and year, age, gender, benefit type, DxCG risk score, number of chronic illnesses, distance from the nearest medical office building, and baseline utilisation of office, urgent care, and ED visits, patient-initiated and scheduled telephone calls, and inpatient admissions. Matching on baseline utilisation occurred in two steps. We first matched users and non-users on utilisation for the first 11 months of the pre period and then on utilisation for the month immediately before the index date. Finally, we created matched pairs of users and non-users whose individual propensity scores differed by 0.001 or less and assessed differences between the groups of matched users and non-users with Student t tests for DxCG risk scores and χ 2 tests for categorical variables.
We calculated utilisation rates for clinical services and analysed difference of differences for utilisation before and after the index date using bootstrapping methods, comparing the matched groups of secure email users and non-users. Office visits and patient-initiated phone calls were reported as per member per year rates. Clinicians may schedule telephone visits to follow-up with members; these were reported as per 1000 members per year rates. After-hours clinic visits, ED visits, and hospitalisations occurred less frequently and were also reported as per 1000 members per year rates. All statistical analyses were conducted with SAS V.9.2 (SAS Institute), with two-sided statistical tests and a 0.05 level of statistical significance.
RESULTS
We identified 11 937 KPCO members aged 18 and above who were continuously enroled for at least 30 months and first used secure patient-clinician email between July 2011 and July 2012 and 212 155 members with the same age and enrolment characteristics but with no secure patient-clinician email use between July 2010 and December 2013 (figure 1). Applying propensity score matching, we refined the cohorts to include 9345 matched pairs of users and non-users, which we used to examine differences in clinical services utilisation associated with secure patient-clinician email use. After applying propensity score matching between secure email users and non-users, some statistically significant differences persisted related to age, type of insurance benefits, and baseline utilisation of telephone calls and scheduled telephone visits (table 1) .
A pronounced surge in utilisation occurred around the time of first use of secure email. Peak utilisation occurred in the index month for all clinical services except patient-initiated and scheduled telephone calls, which peaked in the month following the index date. Across all services, the unweighted average relative increase in utilisation was 143%. Relative increases in monthly utilisation rates for specific clinical services ranged from 88% for after-hours clinic visits, an increase of 0.006 visits per member, from 0.006 in months 1-12 before the index date to 0.012 in the index month, to 238% for scheduled telephone visits, an increase of 0.55 visits per member, from 0.23 in months 1-12 before the index date to 0.78 per member in the month following the index date. The surge in utilisation largely dissipated by 6 months after the index date.
Only two statistically significant changes in utilisation occurred between the pre and post periods. Among secure email users, patient-initiated phone calls decreased by 0.2 calls per member per year (95% CI −0.3 to −0.1), from an annual mean of 4.1 patient-initiated calls per member 1-12 months before the index date to a mean of 3.8 calls per member 7-18 months after the index date. Patient-initiated phone calls also decreased among non-users by 0.1 calls per member (95% CI −0.2 to −0.0), from a mean of 4.2 patient-initiated phone calls per member 1-12 months before the index date to a mean of 4.1 calls per member 7-18 months after the index date. No other differences in utilisation before and after the index date within user and non-user groups were statistically significant (table 2) .
When comparing changes between secure patientclinician email users and non-users in clinical services utilisation before and after the index date, we found no statistically significant differences (table 2). Figure 2 depicts monthly mean rates for office visit and patientinitiated telephone calls. Similar figures for all types of utilisation are available online (see online supplementary figures S1 and figure S2).
DISCUSSION
We had hypothesised that: (1) patients who initiated secure e-mail with clinicians would use the same level of clinical services over the longer term that they did before using secure email; and (2) patients who initiated secure e-mail with clinicians would use the same level of clinical services as matched patients who did not use secure e-mail with clinicians. Our hypothesis was confirmed. We observed no differences between patients who did and did not use secure patient clinician email in utilisation of office visits, scheduled telephone visits, patient-initiated phone calls, ED visits, after-hours clinic visits, and hospitalisations 7-18 months after the index date. Very small decreases in patient-initiated phone calls between the pre and post periods for secure email users and non-users were likely clinically meaningless, despite statistical significance.
Strengths of the study include adjustment for a utilisation spike around the index date by matching on all baseline utilisation data and excluding data for 6 months after the index date. The inclusion of a robust array of independent variables in the propensity score matching model is also a strength. Several limitations deserve mention. Although secure clinician-patient email had been available since 2006, we studied individuals who had not used secure email with clinicians after 1 (users) to 2 (non-users) years of membership. They comprised a minority population; in 2012, 66% of all eligible KPCO members were registered for the patient portal, and secure email is second only to viewing laboratory results in frequency of use by members. The members we included in our study likely differed in systematic ways from those who opted for earlier use, but the potential impact of these differences on our findings is unknown. We also lacked data on the volume of secure patient-clinician email messages among study participants. A study of proxy personal health record (PHR) use by caregivers of paediatric patients found that increased use of clinical services occurred only among those with the highest use. 28 Finally, our study took place in an integrated care delivery system. The degree to which the findings are generalisable to other settings is unknown.
The present findings contrast with those of previous studies at Kaiser Permanente exploring the association of portal registration with the use of clinical services. 19 26 Potential explanations for differing results include the likelihood that the association with utilisation of clinical services is different for secure patient-clinician email than for other portal functions. This explanation is supported by a recent report examining the association between secure patient-clinician email use and office visit rates, which found that the latter were unchanged. 23 A previous study that found increased utilisation of clinical services after portal registration excluded a month before and after the index date, in comparison to the 6-month exclusion period used here. 26 A shorter exclusion period likely captured some of the utilisation surge that, in the present study, abated by approximately 6 months after the index date. A second previous study at Kaiser Permanente examined associations between portal registration and clinical services utilisation among members who registered when overall portal registration rates were only 6%, finding that registration was associated with decreased rates of office visits and telephone contacts. 19 As noted earlier, early and late adopters of portal use may differ from each other in ways that affect their patterns of clinical services use over time. Differences in this series of studies are summarised in online supplementary table S1.
The potential short-term and long-term impacts on workloads of the utilisation surge around the time of registration for clinician-patient email should be considered. The initial surge in utilisation of clinical services was followed by a return to utilisation levels similar to those of patients who did not securely email clinicians. Although we did not directly investigate the causes of the surge, we believe two types of utilisation surges may occur at the same time. First, when new individuals have a clinic visit, they are actively encouraged to also register for the patient portal and to communicate by secure email with clinicians. In this case, initial utilisation around first secure email use is due to how Kaiser Permanente promotes portal registration. Second, we also speculate that increased use of clinical services for this cohort of late-registrant patients signals acute and/ or serious health event, such as acute illness or identification of a new medical condition. Such an event may prompt patients to increase many types of clinical utilisation and, for some, to also initiate secure email as a result of the need to interact more frequently with clinicians and staff members. Users and non-users were matched on baseline utilisation immediately before the index date, as well as for the preceding 11 months (figure 2, online supplementary figure S3 ). This suggests that the surge in utilisation of clinical services we observed may be an artefact of a natural association between a new health concern, increased utilisation, and, for some patients, portal registration and first secure email use. In practical terms, the workload impact of surges in individual utilisation concomitant with new health events and first use of secure email is unlikely to be perceived by clinicians and organisations as distinct from expected demand for clinical services. However, in our experience, widespread use over time among patients of a portal offering secure email with clinicians is associated with an increase in secure email workload that must be taken into account. Unpublished KPCO data indicate that, on average, physicians with more than 500 patients send 6-7 emails to patients per day, spending 3-4 min on each email response; some of these emails may avert clinical services use, but many will not.
Further study is required to more fully understand the relationship between secure patient-clinician email use and clinical services utilisation. Applying the strengths of this study-the extended data exclusion period and the robust matching on baseline characteristics-to a population of earlier adopters would validate the findings. In a previous study, clinical services utilisation patterns varied by diagnosis; future research should examine associations between secure email use and utilisation patterns within and across diagnostic groups. 26 Although our study expands the time period within which secure patient-clinician email has been studied, longitudinal studies on the order of 3-5 years are needed that track the relationship between secure email use and clinical service utilisation as organisational experience with patient portals accumulates. Our findings confirmed our original hypothesis. After controlling for the initial surge in utilisation after the index date, clinical services utilisation for late-stage enrollees returned to baseline, indicating that secure patient-clinician email may be a distinct form of patient contact that does not substitute for office and telephone contacts or avert ED and afterhours clinic visits and inpatient stays when there is a sudden and serious health event. Similar utilisation of clinical services by users and non-users over the longer term also suggests that patients who use secure email with clinicians are not inherently more likely to use all types of clinical services. However, more research is needed to understand the specific benefits to patients of secure email with clinicians and to investigate the use of healthcare services and health outcomes for patients who send multiple emails and are frequent portal users, compared with patients who send occasional emails and are low or moderate users of the portal. Doing so requires rigorous study designs. Conducting a randomised trial of secure patient-provider email communication within the USA would be difficult because this capability is a requirement of stage 2 meaningful use implementation of EHRs. Stepped wedge designs that can be conducted as implementation proceeds and RCTs conducted in other countries hold promise for adding to our understanding of the relationship between the use secure patient-clinician email and other types of clinical services. [29] [30] [31] 
